INTRODUCTION {#sec1-1}
============

Quinazolinone is one of the most important and prosperous structures in medicinal chemistry. Quinazolinone derivatives have been used in medicine as antibacterial, antifungal, anti tuberculosis, anticancer and anti-inflammatory agents([@ref1]--[@ref6]). The increased rate of resistance to ongoing antimicrobial agents and the advent of durable tumor cell to a wide range of cytotoxic drugs inspired us to the search for more effective agents. Quinazolinones have emerged as antimicrobial agents because of their broad spectrum of *in vitro* and *in vivo* chemotherapeutic activities([@ref7][@ref8]). Substitution at position 3 of quinazolin-4(3*H*)-ones has been reported to be associated with anti microbial properties([@ref5]).

Introduction of bromine or chlorine atom at positions 6 and 8 can improve their antimicrobial activities([@ref3]). Deoxyvasicinone is an alkaloid with tricyclic 4(3*H*)-quinazolinone structure and has considerable antimicrobial activity([@ref9]).

Interest in quinazolines as anticancer agents has further increased since the discovery of raltitrexed (Tomudex^®^) as an antimetabolite drug used in cancer chemotherapy. It is an inhibitor of thymidylate synthase, which manufactured by AstraZeneca([@ref10]). Cytotoxic activity of the quinazolinone derivatives in various cell lines such as HeLa([@ref2][@ref5]), L1210 (mouse lymphocytic leukemia)([@ref11][@ref12]) and HT29 (human colon adeno-carcinoma)([@ref13]) have been reported.

In our previous work([@ref14]), we have reported the synthesiz of a series of novel quinazolinone derivatives (fused pyrazolo or pyridazino-quinazolinones and fused pyrrolo-quinazolinones) using chloroacyl chlorides and substituted anthranilic acids in order to elucidate the role of structural features and substituents on antimicrobial and/or cytotoxic activities of these compounds

In the current study, the minimum inhibitory concentration (MIC) of the synthesized compounds was determined by micro dilution Alamar Blue^®^ Assay against six strains of bacteria (three Gram-positive and three Gram-negative) as well as the three strains of fungi. Following a broth microdilution MIC test, MBC (Minimum Bactericidal Concentration) and MFC (Minimum Fungicidal Concentration) tests were performed([@ref15]). Cytotoxic effects of the compounds were measured using the MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) colorimetric assay on HeLa cell line([@ref16]).

MATERIALS AND METHODS {#sec1-2}
=====================

Antimicrobial activity {#sec2-1}
----------------------

### Materials {#sec3-1}

Tested bacteria were three Gram-positive bacteria obtained from Persian Type Culture Collection (PTCC).: (*Staphylococcus aureus* PTCC 1337, *Bacillus subtilis* PTCC 1023 and *Listeria monocitogenes* PTCC 1165) and three Gram-negative bacteria: (*Escherichia coli* PTCC 1338, *Pseudomonas aeruginosa* PTCC 1074, and *Salmonella entritidis* PTCC 1091). Tested fungi were one yeast-like fungus (*Candida albicans* PTCC 5027) and two molds (*Aspergillus niger* PTCC 5021 and *Aspergillus flavous* PTCC 5003) obtained from PTCC. Mueller hinton agar, Mueller hinton broth and sabouraud dextrose agar were purchased from Merck. Roswell Park Memorial Institute (RPMI)-1640 culture medium was purchased from Gibco, USA.

### Microplate alamar blue assay for antibacterial evaluation {#sec3-2}

MIC was determined by micro plate alamar blue assay (MABA) method. Mueller hinton agar was used to culture bacterial strains. The inocula of microorganisms (1.5 ×10^8^ CFU/ml) were prepared from cultures. Microbial suspensions were adjusted to 0.5 Mc Farland standard turbidity([@ref15][@ref17]). Compounds were dissolved in DMSO (0.5 ml) and diluted with water up to 1 ml to obtain concentration of 5120 μg/ml as stock solutions. The serial dilution method was used to obtain 2560 to 320 μg/ml concentrations([@ref18]). Mueller-Hinton broth was used as medium for bacterial growth. 20 μl of each concentration were distributed in 96-well plates with the exception of those wells acting as growth control (contain microorganisms and culture media) and positive control (contain microorganisms and standard antibiotic). After adding Alamar Blue^®^ reagent (20 μl) to all of the 96 wells, total volume in each well became 200 μl. The final concentrations of compounds were (512-32 μg/ml) and the final concentration of inocula was 1.5 × 10^4^ for bacteria([@ref15][@ref17]). Plates were covered and sealed with parafilm and incubated for 24 h at 37°C. The MIC was defined as the lowest concentration, which prevented a color change from blue to pink. Ciprofloxacin was used as standard antibacterial drug([@ref19][@ref20]).

### Microplate alamar blue assay for antifungal evaluation {#sec3-3}

Sabouraud dextrose agar was used to culture fungal strains. The inocula of microorganisms were prepared from cultures. The turbidity was measured spectrometrically at 580 nm. The concentration of inocula with transmittance 0.5-0.6 is approximately (1.5 × 10^8^ CFU/ml). RPMI 1640 was used as medium for fungal growth. 20 μl of each concentration were distributed in 96-well plates with the exception of those wells acting as growth control (contain microorganisms and culture media) and positive control (contain microorganisms and standard antifungal agent). After adding Alamar Blue^®^ reagent (20 μl) to all of the 96 wells, total volume in each well became 200 μl. The final concentrations of compounds were (512-32 μg/ml) and the final concentrations of inocula were 1.5 × 10^5^ for fungi. Plates were covered and sealed with parafilm and incubated for 48 h at 25°C. Ketoconazole was used as standard antifungal agent([@ref15][@ref17]).

Following a broth micro dilution MIC test, from each well that shows no growth, contents were removed and spreaded onto mueller hinton agar plates for bacteria and saboraud dextrose agar for fungi to determine MBC and MFC results. The plates incubated for 24 h at 37°C for bacteria and 25°C for fungi([@ref15][@ref17]).

Cytotoxic activity {#sec2-2}
------------------

### Cell line and cell culture {#sec3-4}

HeLa cell line was obtained from the cultures maintained in the cytotoxicity laboratory of the school of pharmacy, Isfahan University. Roswell Park Memorial Institute (RPMI)-1640 culture medium, fetal calf serum (FCS) and trypsin-EDTA were purchased from Gibco, USA. Penicillin/streptomycin and 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma, USA. Doxorubicin vial was purchased from Merck, Germany. The absorbance was measured at 540 nm using an ELISA plate reader (Awarwness, USA).

### Sample and culture media preparation {#sec3-5}

HeLa cells were grown in RPMI 1640 medium. Each 500 ml of the medium consisted of 5.2 g RPMI powder, 1 g of sodium bicarbonate, 5 ml of penicillin/streptomycin (10000 IU/ml/10 mg/ml) supplemented with 50 ml heat-inactivated fetal calf serum (FCS) in deionized water. The completed media was sterilized by filtering through 0.22 micron microbiological filters. The pH of the medium was then adjusted to 7.4 using concentrated HCl or NaOH and kept at 4°C before use([@ref21]). Cell lines were maintained in a humidified atmosphere of 5% CO~2~ and 95% air at 37°C.

The stock solutions of compounds (10 mM, 1 ml) were prepared in DMSO and appropriately diluted with the medium to obtain 10, 100, 1000 μM concentrations. Finally 20 μl of each dilution was added to the 96-well micro plate containing 180 μl of the cell suspensions in order to reach 1, 10, 100 μM concentrations. Doxorubicin was used as positive control at 1 μM final concentration in the wells.

### In vitro cytotoxicity assay {#sec3-6}

The cytotoxic effects of compounds against HeLa cells were determined by a rapid colorimetric assay using MTT. The results were compared with untreated control. Briefly, after 2-3 subcultures, 180 μl of the cells (5 × 10^4^ cells/ml of media) were seeded in 96-well micro plates and incubated for 24 h (37°C, air-humidified 5% CO~2~). 20 μl of different concentrations of the samples were then added and the micro-plates were further incubated for 48 h at the same condition. The first column of the micro-plate containing 180 μl of the cell suspension and 20 μl of the medium was regarded as negative control while the blank wells consisted of only 200 μl of the RPMI medium. To evaluate the cell survival, each well was then treated with 20 μl of MTT solution (5 mg/ml in phosphate buffer solution) for 3 h. Afterwards, the media in each well was gently replaced with 200 μl DMSO and pipetted up and down to dissolve the formazan crystals([@ref16][@ref21]). The absorbance of each well was measured at 540 nm using an ELISA plate reader.

RESULTS {#sec1-3}
=======

Antimicrobial results showed that compounds ([Fig. 1](#F1){ref-type="fig"}) had better bacteriostatic activity against Gram-negative bacteria ([Table 1](#T1){ref-type="table"}). Results from MBC revealed that these compounds had more significant bacteriostatic than bactericidal activities ([Table 2](#T2){ref-type="table"}). Almost all screened compounds had good activity against *C. albicans* and *A. niger* ([Table 3](#T3){ref-type="table"}). According to MFC results these compounds were better fungistatic rather than fungicidal agents ([Table 4](#T4){ref-type="table"}).

![Screened compounds in antimicrobial and cytotoxicity tests](JRPS-7-87-g001){#F1}

###### 

MIC results of synthesized compounds against tested bacteria
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###### 

MBC results of synthesized compounds against tested bacteria
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###### 

MIC results of synthesized compounds against tested fungi.
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###### 

MFC results of synthesized compounds against tested fungi
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The cytotoxicity of compounds were evaluated against HeLa cell line at different concentrations (final concentrations 1, 10, and 100 μM) using MTT assay. The MTT test is based on the ability of viable cells to produce formazan from the cleavage of the tetrazolium salt by functional mitochondria. This reduction takes place only when mitochondrial reductase enzymes are active and therefore conversion can be directly related to the number of viable cells([@ref21]). The percentage of cell viability ([Table 5](#T5){ref-type="table"}) was calculated using the following formula:
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###### 

Summary of cytotoxic results
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Absorbances were measured at 540 nm using an ELISA plate reader. Results were assessed by One-way ANOVA analysis. The synthesized target molecules were found to exhibit different cytotoxicity in the range of 10 to 100 μM in HeLa cell line.

DISCUSSION {#sec1-4}
==========

The results of antibacterial tests against Gram positive bacteria showed that compounds **9, 10, 11, 14, 18** and **15** had the highest activities against *B. subtitles* at 32 or 64 μg/ml concentrations and compound **15** displayed high activity against *S. aureus* at 32 μg/ml concentration. Diverse examples of quinazolinone antimicrobial agents which exerted antibacterial effects against *staphylococcus aureus* at a very low concentration have been reported([@ref3]).

Results against Gram negative bacteria indicated that compounds **14, 15, 12** and anthranilic acid derivatives showed acceptable activities against *P. aeruginosa*. All anthranilic acid derivatives with a free carboxylic acid group and chlorine atom at the end of the side chain showed good activity against *P. aeruginosa* at 32 μg/ml concentration. Compounds **12** with benzoxazinone structure and chlorine atom at the end of the side chain exhibited activity against *P. aeruginosa* at 32 μg/ml concentration. This could be due to the unstability of benzoxazinone ring and possible cleavage to free carboxylic acid derivatives. All compounds containinge nitro or bromine substitutions on the phenyl ring of quinazolinone or anthranilic acid derivatives showed good activity against *S. entritidis* in a broad range of concentrations (from 32 to 512 μg/ml). It was reported that bromine or chlorine substitutions at positions 6 and 8 of the phenyl ring of quinazolinone can improve their antimicrobial activities([@ref3]). In anthranilic acid derivatives presence of a nitro group can increase activity against *S. entritidis* more than bromine atom as shown in compounds **19** and **20** compared to **21** and **22**. Almost all of the screened compounds showed good activity against *C. albicans* and *A. niger*. Fused pyrolo-quinazolinone derivatives **8, 9** and **10** exhibited good activity against *C. albicans* and *A. niger* at 32 or 64 μg/ml concentrations. Fused pyridazine-quinazolinone derivatives **2** and **3** had acceptable antifungal activity against *A.niger* or *C. albicans* at 32 μg/ml concentration. Compounds **13** and **11** showed good antifungal activity against *C. albicans* and *A.niger* at 32 μg/ml concentration and compounds **14** and **15** had good activity against *C. albicans* at 64 μg/ml concentrations ([Table 3](#T3){ref-type="table"}).

The obtained results of cytotoxic tests ([Table 5](#T5){ref-type="table"}) indicated that fused pyridazine-quinazolinone derivatives **1, 2** and **3** exhibited significant differences in viability (*P*\<0.05) compared to the negative control at 1, 10, 100 μM, 100μM and 10, 100 μM concentrations, respectively. It seems that bromine substitution on the phenyl ring could decrease the cytotoxic effect. In case of fused pyrazol-quinazolinone derivatives, compounds **4** and **5** showed significant differences in viability (*P*\<0.05) compared to the negative control e observed at 10, 100 μM and 100 μM concentrations, respectively. Existence of bromine on the phenyl ring could not improve the cytotoxic effect in these derivatives. All tested compounds with fused pyrolo-quinazolinone structure **6, 7** and **8** exhibited significant differences (*P*\<0.05) in viability in comparison with the negative control at 10, 100 μM concentrations. Among compounds with various substituents at position 3 of the quinazolinone ring, compound **11** showed significant differences (*P*\<0.05) with the negative control at 10, 100 μM concentrations and compounds **16, 17** showed significant differences (*P*\<0.05) in viability at 100 μM concentration. Existence of a chlorine atom at the end of the side chain and bromine on the phenyl ring could probably improve cytotoxic effect of this compound.

Compounds **24** and **25** showed significant differences (*P*\<0.05) as compared with negative control at 10, 100 μM concentrations. In compounds **18, 20** and **23** with open ring structure, compound **23** showed significant differences (*P*\<0.05) in viability relative to negative control at 1, 10, 100 μM concentrations while compounds **20** and **18** exhibited significant differences (*P*\<0.05) at 10, 100 μM concentrations.

CONCLUSION {#sec1-5}
==========

Amongst a series of new quinazolinone derivatives were previously synthesized in our laboratory, compounds **13** and **15** which displayed a structural similarity, showed different antimicrobial activities because of the differences in substitution on the phenyl ring. Both were good antifugal agents while **15** showed good antibacterial activities against Gram-positive and negative bacteria.

SAR studies indicated that the existence of a chlorine atom on the side chain of the newly synthesized compounds enhanced cytotoxicity. It was also found that the nitro substituted compounds were more cytotoxic than their bromo-containing counterparts.
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